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(54) STEP-UP/DOWN DC/DC CONVERTER 
(57)Abstract 

PROBLEM TO BE SOLVED: To minimize voltage at 
which a step-up sawtooth waveform and a step-down 
sawtooth waveform cross, by comparing the first and 
second sawtooth waveforms of the first and second 
sawtooth waveform generating circuits with an error 
voltage signal, and generating a step-up/down control 
signal corresponding to the results of its comparative 
result on a DC/DC converter control circuit. 
SOLUTION: The first sawtooth waveform generating 
circuit 571 receives a current source and a synchronous 
clock, and outputs the first sawtooth waveform to a 
step-down side comparator 573. A level shift circuit 550 
generates the second sawtooth waveform whose 
prescribed voltage value is shifted to the first sawtooth 
waveform, and outputs it to a step-up side comparator 
572. The step-up/dcwn comparators 572, 573 compare 
the first and second sawtooth waveform with an error 
voltage signal from a comparator 511 respectively, and 
output the comparative results to a DC/DC converter 
control circuit 580 to generate a step-up/down control signal 
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T : 

A 2) l»E«aiSfeJ:tfH«l!^P^^*ait^ I9IHS1 

A3) mriB-*dimE<b*mas*itSLfc^MmE{i 
A4> tircMii*s««fij:tfmiBff2a>z<fux«a 

S21tSaj^^ffi^-r^m2it^S ; 

a s) nrexi Jtss§^«fcvm2j±ssice^*n. w 
^««D c/Dca>/<- zmmem ; 

*ttj*-r*#RE«jM»E» ; *&«uE*Jh,a^fc£i# 

8E^DC/DC3>/^ 0 

3 3 M/Jm|1^#E^/<;ux <t fi/h(g<&BEJB 

^yat*2o>cs?yasa)^ax«Eta«?'-r4c^* 

if* JSl £frIS2iES<DimE^DC/DC 
[000 1] 

[**±a>*]JB#IH **W*HttfzDC/Dca:>/< 
— *I=BU *&fzBttfci*»REfflDC/DC3>/< 

[0002] 

Si lei*. tSSftSl^S^BElDC 
/DCa>/H 1 o OS^TttKEIttBI-efc* (fel 
T. r^3fcft^1J <tl^5) • DC/DCa>/Hl 
0 01*. -*flME*Wt*A»*MPfc, HrSCD-^ffl 

«E«aj*-r*u*«s^ts*u pwM$im^^ 

7 1, 3BE«jy»xIal»l 7 O, DC/DC3>^- 
*JS»lHlHH SO, ?'JK7-f/<19 0$$fe. 3>y< 
U— *I0BEV in^Vref £Jfc«c LT. — # 
flUSEV i nA^SftEV r e f *±EJ*i»RE«jy 



it. #BE«y»ilffi#fzj6SLr^y /**fl*L 
TX-f v^>y«*t»BE»lzHJ*-r*. X-f 

SREffly«*ia»£REi::«y«;U tti* 
ffi^f::SrSa>-3fefflSEtta v o u t £fch;*j-r& e -* 
ffllBEV i n*W r e f ST14iffBE«yftiLl^ 
So- fc-r^ e DC/DCa^- **DffliEIKte. #B 
E«y»x«#fwJ5SUT^U K5-f/<t*LTX-f ^ 

i*. *KE«y«tx.si»ft*Erc«yjftjL % tt»(i*fc 

fiffMO-*fi5BEai*Vo u t f^RESP 
li. .PWM«Wlc|S*S*i, BESP (Q1, Q2) t 

#ESS (Q3, Q4) 

[O0 0 3] flEXttflfl T?f*— SfefflSEV i n<tS*a 
EV r e f CtittLTjmEttyiftJLMtfty* #E 

/»E*«y»*TL^fcfcdo. -*««Bi=««a^* 

ffiffiLfcJt^lc#BE^«jyg|iL-5yrDC/DCa>/< 
[0 0 0 4] '— #<8ISEV i nA<^SlLTV r e 

t «±H*t. *BE«yttx.fli«^sig a r«. 
#BE»(=aE*ii2kfc«aA<K<k-r £> £ 

-T^o — *«««A<K»"r*i:-«««E3b<JEft'*-*. 

*E&BEO)«y!ftiL^iiyzL«£r«a)-eDc 

/D C =j ttSBfittffllzfc y - *««EA<*«|5F 

[ooos] *fc % ftWA«ar=K»ufc»«t.±Etia 

*f=jmE«yiftjUI-9«<£CsU DC/DCn>A— 

[0006] se»fc. ig3a^T?A>o-^<i!iaE*^'(b 

*i±^fci6lcfi^mjg(D^BE^jySiL©K^j&S-efc 
y«*tt3W«^it^3IBHjftA«*-3fc. 

[0007] ca>*5ftnajS[*»ft-r*3»tti:LT. 

-SiIEffiM?)7^-KAy^t £>;J§^;u— f c 
\s*ju*s7 h0BSRi+K««E*i/7 h*t*T^E/ 
#BE/BEC0^- K *« y »it * Bfttf* it b *tfco 
[0 0 0 8] H2li. ^(DJ:5£:glMSE£U'<;u*>;7 
h *i*HE/^RE/RE<D^- K*« y S^.S#BE 
1DC/DC3 2 O 0 *3F-r**ttfB(c «fc «■ 
BSIs]aiar*fe^ (filT. r(ft3fca^2j ^1*5) . DC 
/DCD>A-^2 0 0lt -^BESglt&A*)*® 

fifTSo-^figmE^tti^-r^tts^s^ ^s^-l. 

PWMMW0^:*BE9^&1idt«ti«. PWMSHJfSiSfl 
tt. fiffi^iEES 2 10, □>/<b-^211, L"</U 
i/7h@B2 2 0 f OC#yjftJB±B»2 7 1 , #Efi9 
3>/^U-$2 7 2, 7 DC 

/DCa>/*—**J«lEltt2 8 O. ^ l JK7f^2 9 0 
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[0009] 0 3lt tt*a»S2|Z ( fe4IH»fffiDC/ 

dc3>/h 2 o oo>o>zgvfctmmm^k&&E. 

[0 0 10] 0 2 < tE3 3$#^LT. DC/DCa^ 

>/*U— $IZ-5*£ 0 ££fz % UK;u*>^ hI5IK"e-€-a) 
*EE«R*«ff«#*i/^ hT'y REflgglMfl 

£*y OCCryjKa^lFEflillM*j:ij« 
l*&*tt % »ff0tt*»ftS-ti-4^— Kfflyjftitfi-B- 
'CD u p)' $DC/DC3>a- ^$Offl)lHlffilztti*-rS 

££fi. REIIl»Slift*t*«^— K«y**«# (D 

dn) sdc/dc3>a- ^towiiiRuiHiA-*-* (R 
■Ht*-**^— k« ya^$Dc/Dc a 

[O Oil] 

[Sft-r-<#KH] L*U DC/DCa>A-^2 0 
OTftt. #(&Srfc&Pp^£#£C& 0 DC/DCa>A 4 
— $ 2 OOfi^-f — K/^!y^-r-5»a;u-T ^rtlzuKyi, 

ff/RBE*«y*x.«. StiE$L/^i/7h*« 

. >^«)«H:*i:«t. eDC^yjKa&K^Hgflrea 

-Sir. @3(DDd n £ D d n ' (c^f * 5 Ic^r a.— f^f 
^IftotL*?,, Vou t^fa-f-f(Z)iifiSli, V 
out=Vin (Ddn'+1/(1-Dup)) i£<b 

x< v o u t mtsfty, Bue«ff(ca-r**-cfc 

[0 0 1 2] £t>lz. "r^—Tjfimte&tz&b. J^E® 
- »E«IM*07-i?> (^RESB*idftSP») $ 

[0 0 13] H4fzl* % DC/DCU>y\- £<&ti*Bli 

[oo i 4] mmm^nnLttZtitiE-tztzft. &nmjE 



*Mt4 g »"Cttffl»iE«z J: orSSaftoy-f L 

fkc*. wi^Rfftnya-r^-Kicfe^Tflocffy 

6 lz:Fg5£<b ft y z*ffliES fc f «RHjA«^ 
[0 0 15] LfcAbt, *^BJO-@Wlct s SftHlc 

[OO 1 6] **WO-|fitt, fkffiWtt«)K4tl=J:« 
l^4,Z*iaj*lE0)$g Lfc'p C/D C a £ 

[ooi 7] #Efl!a><Dcs?yafc£ 

RE^0)COZ^y^(D^aX-r^mE (Vers) £fi 

/jM=-r* c£iz*y % «seK»a»*a>a»a dc/dc 
a ta«-r * z t x&& 0 

[OO 1 8] 

E£ Ui^-r^te^ffiT^ * tt-S^BEiD C/D c a 
^Trfco-C, -&fflSE£glf. fflaflmcasi* 

r*Ea>-*«ttEj&<4-f «J:3«l»-r**RE*l»» 

<fctf^$*P*;/*£gti\ Si CDZ^y*ft|z^LT<l>?S: 
< irt^OBEffl->^ h L fctt 2 <DC*y 
««20>ctfyX«£ElB^ % -«fflmE£S*BE$ 
ik«LfcSilEi§6<l:^l © = *i)«JHt, -K 
■ ««ffffl#t«Ha*lO^«?ysRSitKU. SMJtKffl 

c*ya*«it % nfi*EA9£:ffreJB2o'c«ryft« 
itsu m2ifcSiii**a3*-r^m2jts^ < t. mitt 

KS&*tfft2JUfcSfz«te£*u »lJ3J:tf»2tt« 
HAl:emMUEmiM«t£Jttt D c/D c 
3>/^->l«PBB, *&J£S*RE«Jffiiflk ft&Wz 

#RE$u$Dffii^i-^(ziss LTffi&a>-#!.mmi±$mti'f 
^sei d c/d c a fzet -oxmmzti&o 

[OO 1 9] 

/DC3>/<— *5 00*^-rttBSIslttH-Cft*. DC 

/dc3>a- $ 5 o or*. -#<nmE£gtt-&A;fca£ 
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It. tfcffitilEEBS 1 O, SEEltSgS 1 1 , U<<^> 
7Mh]B5 5 0, <DZgl)fc§££.\E\&5 7 1 , J?Eii=} 
>/<U— $5 7 2, BE*J3>/<U— £ 5 7 3, DC/ 
DC3>/*— £«J»lsll$5 80, Zf<) K^*T/*5 9 0j&> 
b<gj££*lSo i4ffl«jElEl»5 1 01*. -*<UBStb* 

>/<U-$5i 1 li-^ffiSEE^S^BEE^JtSL. H 
MttEfI^££;£-«rSo <&Ci?y&&£lsjB5 7 i 14, 

v * & A* 1 <D Z g y ttff £HB* £ BEtfflO) c 

^y^^sit^A^t^ff^^c^y^sai^-rsai* 
stt^o BE{Ua>/<u— $f*Kfffig<Dc^y^$g 

ftSA*<bMMft-^£gif£A:*j£BE^- Kffly»* 

If (Ddn) SDC/DC3>A- $*0fflll5lSJZ£il* 
."T4Ui**«"r*. U— *'l*Jl£Efl<DC# 

fflyMfit (Dup) £ DC/DC3>/\- £$WIe] 
B^ffla-raffl*****. DC/DCa>A^W 
®BI4* BEflOa>/<U— *£»Effl:a>/<u— 
£**i7c#A;fc£:7 0 y K7-f/<5 9 .OI=M««*ifeUjj 
$tt§o ^"J K9-f /<5 9 Ott. DC/DC3V/^- 

[0 0 2 0] ffBESBBfiEffi (Q1, Q2) <t#Eft 

(Q3 F Q4) &p>mm$ti % pwM^maiapA>b(Dx-< 

[0021] B6l*..JM*EES!DC/DC=J>/<— » 2 

o o^hee/^be/bbe©^— Koiny ax. 

T?fcSo 

to 0 2 2] H5iB6-*#BBLT*K-S««f=cfcS 

^BEiDc/Dca>A-$ 5 o o<Bl&fE£i&Bg-t 

So a>/tu— *5 1 1 «4-*fflgSff fc*¥SE 
U— *lc-5x4 c B9IX&«fctfHJH9D?*tf0::?y 
? hEBtOwff ya«^HB35«H-o)«g|EafeJ:tfH 

«3KS*«JM(lLT*u l/^k>7 hEl»£<DC^y»$g 
^®B<DC^y»liKCiS^-e¥fT»»LfcBi«*«ft 

*i\ <Dc#ya«±sB*x6Bffflj|<oc«?ya36tBff 



(4. BffSB*»ftS-&4^— K«y«it«# (Dd 
n) SDC/DC3>y<— 4r$0»®BrcHj*"-r« (BE 

^-K) o «»«#A<*EE«<Dcryaa>»jE^— k© 

hBJEa>eHfcfc^ig^fi, PLEE[n]B£l&fE*-t*S 
^E— K*0y«Affl# (Du p) SDC/DC3>/^^ 

SUfflliJBlctH^-r^ (#EE^- K) o MSOT-tfJFBE 

lfif^*i±^^E— Ktf) y ft*«-9£D c/D en 
tO»BIBf=:UJ*-r* (SBEt-K) 0 ^— K«iy«* 
Icoi^Ttt. ®7?SlxL9$#^LT«gPL<itt^"r 
So DC/DCzivA-^fHfflislBli. ^E— K«jy«x 

ft^^iSSLT. x-f 7f>m«t*t*. ^y k 

Ali*(D#BEa>x*f ^v^fl-si-^BESflfcg 

So 

[0 0 2 3] a7*txLB9fC*)S©-||S6#t|fZj:^ % 

Beb$/#beb5/beb$cd. oc^y^t^Mfi-^© 

So 

[0024] B7I4. DC/D Cn>A— £ 5 0 0*<B 

mmm^tfm&to&m*— k<t>->^ hSJEosggrt (b 

EW:?yt(0TX'r^) fz&S*!:^ DC/D 
C =3 £ ftjgp (sJBliBEO) x -f T > <f {If £#B 

ft*.. D C/D C □ 5 0 OA^E^D C/D C 

[0 0 2 5] 0 8 14. DC/DC3>/^5 0 0^ 

d c/d c <t LT«ftr«*^-ea&«. 

Efig<7)z^y^a>±x^i;aj^) \z&z>t$. dc/d 
c 3 >/ <— ^ ^ |BiB»iBE(D x <{ v t >?m^ *^B 

ft*. DC/DC3>/^5QO«E^DC/DC 

[0026]B9I4. DC/DC3>/\-^500^ 
SEID C/D C n >/\*-$ t LT«f£-r&i§^T*& 

(BE«ga)c^y^©±x^^aj^i:^Efli(Dc^y 

$H$P|5IBl4#BE<7>X-f ^^>^fl^*#BEaJfc2l 

So -e-©^. q i fr^LQ4i*fijf£(Dx-r 

ft^^y. DC/DCa>/\~$5 0 0AWBEaiDC 
[0 0 2 7] ^BESPOifif^fi. «£*<7)-fiSM^^BE 

isi&tm-vtbz<Dx*. i¥ffl^a^i$iB^fi«Bs-rSo 

[0 0 2 8] 

[^^©ssm] ^©-nffi^Kz.fcsoc^y^^uK 

JUts? h^1tfcDC/DCD>/\-^ 5 o o 

2 IZ^SD C/D C =!>/<—$ 2 0 0£©5»ga>ffi^£ 



(5) 



2000-1 66223 



[0029] *-r. wRE^Kyis-r^— Ktto- 

Ddn' (Diri— 4 0 Z(DDdn' 0fa 

-f^^IS^ftfa-f-f Ddn (b^t^C^Mi 

*<&f3®-Cfe£o *^a>-HS6^(i. 0 6(;:fc£ 

dn^Ddn' (D^i— t < So Cttli. fiffl 

0 3 izTjk? J: 5 fc<D c ? y &a>&j&i:: u^g 
c * c A<fc i*fc *>-c fc *. 

[0 0 3 0] *|Z % ^±{*(DJSgttlCOt>TCDM%a)ffl 

cot?. »astu^i/7 naKflo^saflt-rsj&K 

U *«lfcfl|z<J:«*«M: % ttffiira^aSrt^fedb 
cfcy. ££tt<0JC«tt«<jft<fty % ~^fi!l/-^{H(DB 

[O03 1] *&|^ fa-f-f^-aL, 2&£:<*(DJE 

»ft^-»s>>*t**K*,aac<..#EEffl<oa)c*?y«fc 

KEffiiDOC^yatCD^PX-r^aBE (Vers) 

it i9f#it§o #E<ma)c^y^^*>^ h?y? 

MZO Z g y 2ft <b O P X -T 4 IE C ^7 

PXSJE (Vers) T-fc£ e tU ^P^tEA^4 

— ^PX£-t±£mE£itADS-frTtf> 

^sresjs y y icg < Rg-r ^ t ®m 

[0 0 3 2] ttoT. *&BJIi. tt3fcft(Fj1 fc«fctf 2fc 
[0 0 3 3] *3S0J!li % SftBI-— *««EA:-*fl|fl 



t^Dc/Dca>/\-^ £ 4 c t « 

[0 0 3 4] ttffiWttO)»bl=J:«K*lzJ: 
Tti^{H£f3*aEa)SS Lf;DC/D C =3 £ * 

[0 0 3 5] ^Efflcooc^y^tKEfflco 

0)Zfy»(D^PXt5lE (Vers) £fi/Nz-f£ 

[0036] *§tm\t. »9Bif^«t^^«&o 

[0 0 3 7] **Wf4, JSStt^lRliLfcDC/'DCP 
[0 0 3 8] *$SPjll*. 3S»«2£lfc^T«fljSRa>ii 

[0039] 6i±.-*«wa>Wft©JHft«fzat^<Htt 

C il & <D D C / D C 13 > / * — $r | Z £ *L 4 t (D T? ( i ft 
< . P A MMffll'P P F MftJftJft if OHJB^ P ^ ^ 
ti t©tft*itfl^44 WEiD C/D C □ 

^f-tfflfflnite-efcSo ^t=. oc«ryxx£i§iBicei 
»Lfca>zafyfltt»±-r«ct^#*o-e*ftK % 

t<Dt*»B80)ttsfjs«(Dtt*-eiBy. «frif*oea 

[0040] 

[0®a)fgi|ifci&^] 

[Hi ] tt*ftfi5l fCcfcS. SBEiDC/DC3^ 
~ 9 1 0 O j§B&le]Bg|-efc£ 0 

[02] ft*affi2(Zj:i>. IBEIDC/DC3>A 

2 O 0 £^-r©J6lelB0T*fcSo 
[03] fi£*ftffi2(Cct4 s (Dd^yatKMfl^irS 
KE/^xa)S«*^-r0T?fc^o 

[04] DC/DC3>/<-*Ott«»«4:«»OP« 

[05] *S<D-HJ£«yf3cfc^ % gRElDC/DCa 
>^~^ 5 O 0 * ^-r©BS0B0T*fc§o 

[0 6] *m<r>-nmmiz&z> % toz&y&tmmm^ 
[07] ^Mo-njBcy^cfc^. be^co, oc^ys 
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1 7 0 VEttUlftjllalft 



171 a >Au—£ 

5 10, 2 10 ftffifctjElelffi 

211, 5 11 3 £ 

2 2 0, 550 U^^i/^hlHlK 

27 1, 57 1 0)ZgV%l§£±®m 

2 7 2, 57 2 #E«:a 

2 7 3, 57 3 P$E§?3>/<U— $ 

1 80, 280, 580 DC/DC3>/^MfflI 

@& 

1 90, 290, 590 ^'J K7<<^ 



II] 



[H2] 




[S3] 




IT 



*v Gain 



[H4] 



"LT ^ 




[85] 



[■6] 



s*«M>_cff»s carpet 




(7) 



4#§g 200O-1 66223 



imi} 



imay 



<Var:8Smmffi^, Ytit : O £ £ 9 ) &aaSDODC3 W<- * (Vaw £ Verr < ~> 7> fifcffft + V«w) 




L_l l_J 



H 



Q3 




[09] 

5-f&EfflDODC3 * (*s<7 Y n& * V«r < Vsaw) 



Q3 




[gtUB] 1*8^10B (1 999. 8. 1 

O) 

/DCD>/^f$>or : 

a>-*««ffi^*r**5«!W-r*JH»EE«(»tt-C*-3 
r : 



A1) «9ESJ3J:tfnJBI^n?**SI+. 

A 2) WI3«SEafe*tfH»l^n^^*ait. 1W5SM 

A3) mFlB-^flgBJE^S^SE^ltSLfc^M^ff^ 
#j3«ktf«HE«i 6>c#yxesit« ffilBK2WEfi# 

A 4) »ES81Efi#6 J: tflJE* 2 0) c ? y »$S 

it. itriB^M «e a-? t intern 2o>c#ya*it«L. 
m2jtsai^^tb^-r^m2its^ ; fcj:t; 

A 5) Jt«8fe<fetf»2tt;K«lz<8**4i. 111 

IB*1 j3 < fetf»2JtKU*fwi6»'r*»BjEaJ$iJfBiil# 
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*ffl*-r SfmEftflREft ; #> e,ftj$**i<5 £ 
^fiitSIBElDC/DCa>/<-$„ 
[!f3R«2] m2©C#y;«fS4@KAtU'<;U->7 S 

sift* c t zftmt -r sn^si i !2®fl)# 

BHlDC/DCa>/\-^„ 

^ y as £ ft 2 <d c ^ y %lo><? □ x be -5 c t $ 

«®i:-r5S*«1 *fcl±2lBft<D#|RES!DC/DC 

[1***4] fteft2o^«fyftft±BB«tmEftia> 
y c&*ft«&-r«M*8i tri«L3Bi 

©iBESDC/DCa>/<-$. 
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